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ABSTRACT
Introduction: Poor nutritional status is prevalent among hemodialysis patients, with limited studies available on how 
it is being influenced by other factors in the local context. The current study aimed to determine the nutritional sta-
tus and its associated factors among hemodialysis patients. Methods: This was a study undertaken in a total of 455 
hemodialysis patients (256 men and 199 women). The main outcome measure was Malnutrition Inflammation Score 
(MIS), which was utilized to identify nutritional and inflammatory status of the hemodialysis patients. Other evalu-
ation tools included anthropometry and biochemical measurements as well as dietary assessment. Results: A high 
proportion of hemodialysis patients were malnourished (64.4%) and presented with inflammation (67.5%). Using 
multiple linear regression analysis, factors contributing to malnutrition were older age, lower lean body mass, higher 
interdialytic weight gain (IDWG), inadequate intakes of energy and protein, as well as presence of comorbidities 
and inflammation. Conclusion: The presence of malnutrition and inflammation were prevalent among hemodialysis 
patients. Several determinants of poor nutritional status of hemodialysis patients were modifiable and should be rec-
ognized while formulating and implementing appropriate intervention plans for this vulnerable group.
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INTRODUCTION
Despite the advancement in dialysis technology, 
mortality rate remains high among hemodialysis 
patients. Of all, cardiovascular disease (CVD) is widely 
reported as the primary cause of death among patients 
undergoing hemodialysis (HD) besides infection 
(1), with growing evidence that the often co-exist 
malnutrition and inflammation as the two most common 
determinants of CVD. Malnutrition and inflammation 
are highly prevalent in hemodialysis patients and are 
associated with poor clinical outcomes including lower 
quality of life and increased mortality (2-5). In Malaysia, 
more than 90% of end stage renal disease patients 
depend on HD as a treatment modality (6). While HD 
prolongs the life expectancy of patients, malnutrition 
is common (7-9). Data pertaining to the nutritional 
status and inflammatory state of hemodialysis patients 
are still limited at the local context. Identification 
of determinants of poor nutritional status and early 
initiation of interventions may prevent the progression 
of malnutrition among these patients. Hence this study 
was undertaken to ascertain the nutritional status and its 
determinants among hemodialysis patients. 
 
MATERIALS AND METHODS
Study design, study location and subjects
This was a baseline data of a quasi-experiment study 
which aimed to determine the effectiveness of a nutrition 
intervention on nutritional status of hemodialysis 
patients. This study employed purposive sampling 
method, with the details being described elsewhere 
(10). Briefly, the patients were recruited from dialysis 
centers operated by non-government organizations, 
located within 50 km radius from the university. Study 
inclusion criteria include patients had received regular 
hemodialysis for four-hour thrice weekly for a minimum 
of three months prior to study enrollment, aged 18 years 
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and above and absence from major acute diseases or 
psychological disorders. A total of 455 patients from 
14 hemodialysis centers, meeting the selection criteria 
and consented to participate were enrolled into the 
study. The sample size was calculated based on 
equation suggested by Aday and Cornelius (2006) for 
multivariate analysis (11). The Medical Research Ethics 
Committee of Faculty of Medicine and Health Sciences, 
Universiti Putra Malaysia approved the study protocol 
in accordance with Good Clinical Practice guidelines 
and conforms to the provisions of the Declaration of 
Helsinki. Permission was obtained from all dialysis 
centres prior to data collection. Upon approval from 
ethics review board, the detailed of the study was 
explained to potential participants. Anonymity and 
confidentially were assured before individual written 
informed consent was obtained. A total of 521 eligible 
patients were approached with 455 consented to study, 
giving a response rate of 87.3%.
Measurements 
Medical history and routine laboratory measurements 
including serum albumin, total iron binding capacity and 
creatinine were retrospectively retrieved from medical 
records of patients. Arrangement was made to withdraw 
additional of 4 ml blood samples from the patients for 
the analysis of high sensitivity interleukin-6 (IL-6), a 
pleiotropic inflammatory cytokine, at the same time point 
when routine laboratory measurements were performed. 
Briefly, serum samples were obtained from whole blood 
stored in serum-separator tubes after 30 minutes clotting 
and centrifuged at 1500xg for 10 minutes.  Samples 
were analyzed using commercial kits of enzyme-
linked immunosorbent assay (ELISA) method as per the 
manufacturer’s protocol (Invitrogen, California, USA). 
The adequacy of dialysis was determined according to 
the delivered dose of dialysis (Kt/V urea) while patients’ 
comorbidity scores was ascertained according to 
modified Charlson’s Comorbidity Index which has been 
validated among dialysis patients (12).  
Means for dry weight and interdialytic weight gain 
(defined as mean weight gain between two consecutive 
dialysis sessions for the past three months, IDWG) were 
obtained retrospectively from patient’s dialysis record. 
Achievement of IDWG of less than 4% of dry weight 
which was associated with lower risk of overall fluid 
overload hospitalizations (13), was used as an indicator 
for fluid compliance in this study. Mid-arm circumference 
(MAC) was made on the non-vascular access arm 
with the use of fibergrass measurement tape. Skinfold 
thicknesses at four sites (Triceps, biceps, subscapular 
and iliac crest) were performed with Lange skinfold 
caliper (Cambridge Scientific Instruments, Cambridge, 
Maryland, USA), using standard techniques described 
elsewhere (14-15), to allow the estimation of percentage 
of body fat (16). All measurements were ascertained 
after the termination of dialysis treatment when the 
patients were at dry weight. This is crucial as skin 
turgor and hydration may affect subcutaneous skinfold 
thickness (17). All measurements were taken three times 
20 minutes after the dialysis session, unless the first two 
were the same. Mid-arm muscle circumference (MAMC) 
was calculated by which the triceps skinfold thickness 
multiplied by 0.314 was subtracted from the MAC while 
lean body mass (LBM) was calculated by subtracting 
total fat mass from dry weight. As all the anthropometric 
measurements were performed by the same dietitian, 
the intra-observer technical error of measurement 
(TEM) and relative TEM (%TEM, serves as a measure 
of coefficient of variance) among 20 respondents were 
computed using the following equations (18): 
Technical Error of Measurements (TEM) =√∑d2/2N
Relative TEM (%TEM) = TEM/mean X 100
where d is the difference between measurement and 
N is the number of individuals measured. The relative 
TEM for intra-examiner measurements ranged from 2.4 
to 3.8% and were all within acceptable limit (<5%), 
denoting an acceptable degree of precision (19).
Dietary intakes of energy and protein of patients were 
obtained using two days dietary records (comprising of 
one dialysis day and one non-dialysis day), with the aids 
of food photo album, three-dimensional food replicas 
and standard household measuring sets. Type of foods, 
portion size, method of preparation and cooking as well 
as brand name for certain foods were recorded. Dietary 
data was analyzed using Nutritionist Pro ™ software 
version 2.5 (First Data Bank, USA, 2005) whereby food 
databases including the Malaysian Food Composition 
Tables (20), Food Composition Guide Singapore (21), 
Singapore Food Facts (22), China Food Composition 
2002 (23), and ASEAN Food Composition Tables 
(24) were used to complement the existing databases 
available in Nutritionist Pro™. All the dietary records 
were reviewed by dietitian, probing for inaccurate and 
omitted responses. Adequacy of energy and protein 
intake was ascertained comparing to National Kidney 
Foundation KDOQI clinical practice guidelines for 
nutrition in chronic renal failure (25). In light of the high 
prevalence of underreporting of energy intake among 
hemodialysis patients (26), possibility of underreporting 
of energy intake of the patients was ascertained 
according to established protocol (27). A total of 19.3% 
of the patients had energy intake to resting energy 
expenditure ratio (EI:REE) of less than 1.27, which 
was much lower as compared to earlier studies (26-
27). An effort was made to exclude the dietary data of 
patients with suspected underreporting energy intakes, 
however, this did not seem to influence the outcomes 
of multiple linear regression analysis. Hence all dietary 
data were included in the analysis for this paper. 
Nutritional status of the patients was determined using 
quantitative Subjective Global Assessment (SGA) (28) 
and Malnutrition Inflammation Score (MIS) (29). For 
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SGA, the 4-item (changes in body weight, the degree 
of anorexia, the loss of subcutaneous tissue and muscle 
mass and signs of muscle wasting) 7-point system was 
used. Score for individual item was summed up to 
generate a global score, together with clinical judgment 
of the researchers, this allowed the nutritional status 
of the patients to be classified as normal, moderate to 
mild malnutrition or severe malnutrition. On the other 
hand, the MIS is a score which incorporate SGA and 
three additional components of body mass index (BMI), 
serum albumin and total iron-binding capacity, which 
hence allowed the determination of inflammation status 
of patients. MIS has been reported as a user-friendly 
and reliable nutritional scoring system (30) and able to 
predict the mortality and clinical outcomes of patients 
preciously (29). The detailed calculation of MIS has been 
described previously (29). The scoring of MIS (ranges 
from 0 to 30, with higher score denote higher degree of 
malnutrition and inflammation) was performed within 
5-15 minutes before anthropometric measurements. 
Measurement on the consistency of MIS scoring was 
performed by the same dietitian on 10 patients at two 
different occasions with two weeks apart. The intrarater 
reliability was measured using intra-class efficiency  and 
was reported to be 0.80, denoting a good degree of 
reproducibility. 
Statistical analysis
Analyses were performed using the IBM Windows 
Version 22 (Chicago, IL). Explanatory Data Analysis was 
carried out to determine the normality and homogeneity 
of the data prior to further data analysis. Continuous 
variables were presented as mean ± standard deviation 
while categorical variables were expressed as percentage. 
The associations between MIS with continuous and 
categorical variables were computed using Pearson’s 
product moment correlation coefficients or Spearman 
correlation coefficients, respectively. Stepwise multiple 
linear regression  analysis was performed to determine 
factors predicting nutritional status of hemodialysis 
patients, with MIS score as the dependent variable. 
Statistical significance was defined at p < 0.05. 
RESULTS
Patients’ characteristics are presented in Table I. Mean 
age of patients was 63.4 ± 10.7 years. Slightly more than 
one-third of them had MIS score equal or exceeded 8 
(34.9%). Presence of co-morbidities was common, with 
a mean Charlson’s Comorbidity Score of 5.20 ± 2.05. 
Hypertension was dominant and diabetes mellitus was 
prevalent in our sample. Adequate dialysis (determined 
as Kt/V urea ≥ 1.2) was identified in approximately 
90% of the patients. Approximately 87% of the patients 
had excess IDWG and hence giving an overall poor 
fluid compliant of 13.2%. Both hypoalbuminemia and 
hyperphosphatemia were highly evident in this studied 
cohort. Mean serum concentration of proinflammatory 
cytokine, IL-6 was high and this was attributed to the 
Table I: Demographics, clinical and laboratory characteristics of pa-
tients (n = 455)
Characteristics Mean (SD) Frequency 
n (%)
Age (years) 63.4 (10.7)
Sex Male 256 (56.3)
Female 199 (43.7)
Charlson’s Co-
morbidity Score 
5.20 (2.05)
Presence of 
co-morbidity 
Hypertension 303 (66.6)
Diabetes mellitus 210 (46.2)
Ischaemic heart disease 69 (15.2)
MIS 7.9 (2.3)
MIS  ≥  8 159 (34.9)
Hemodialysis 
treatment mea-
sures
Duration of dialysis 
(months)
65.7 (38.4)
Dialysis dose (Kt/V) 1.25 (0.4)
Kt/V ≥ 1.2 400 (87.9)
Body compo-
sition
Dry weight (kg) 56.4 (14.0)
IDWG (kg) 4.3 (1.2) 
IDWG > 4.0% of dry 
weight
395 (86.8)
BMI (kg/m2) 21.3 (6.5)
Waist circumference 
(cm)
92.4 (3.8)
Triceps skinfold > 50th 
percentile
154 (33.8)
Mid-arm circumference 
> 50th percentile
147 (32.3)
LBM (kg) 38.2 (7.5)
Biochemical 
measurements
Albumin (g/L)
Albumin < 40 g/L
35.6 (6.5) 
283 (62.2)
Creatinine (mg/dL)
Creatinine ≥ 1.2 mg/dL
3.5 (1.1)
455 (100)
Phosphate (mmol/L)
Phosphate ≥ 1.6 
mmol/L
1.9 (0.5)
371 (81.5)
Interleukin-6 (ng/ml)
Interleukin-6 > 6.5 
ng/ml
8.85 (5.24)
307 (67.5)
SGA classifica-
tion
Well-nourished 162 (35.6)
Mild-moderately mal-
nourished
256 (56.3)
Severely malnourished 37 (8.1)
Dietary measures DEI (kcal/kg/day) 24 (8)
DEI ≥ 30-35 Kcal/kg/
day
115 (25.3)
DPI (g/kg/day) 0.73 (0.4)
DPI ≥ 1.0-1.2 g/kg/day 93 (20.4)
Data are reported as Mean (SD) or n (%); BMI: Body mass index; DEI: dietary energy intake; 
DPI: dietary protein intake; IDWG: interdialytic weight gain; Kt/V: Dialysis dose; LBM: Lean 
body mass; MIS: Malnutrition Inflammation Score; SGA: Subjective Global Assessment
high proportion of patients (67.5%) presented with state 
of inflammation (defined as serum IL-6 > 6.5 ng/ml). 
Based on SGA classification, more than 60% of our 
cohort were malnourished, either mild-moderately 
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(56.3%) or severely malnourished (8.1%). Mean intakes 
for dietary energy and protein were low at 24±8 kcal/kg/
day and 0.73±0.40 g/kg/day, respectively. Inadequate 
intakes of energy and protein were highly evident. A 
comparison with The Dialysis Outcome Quality Initiative 
(DOQI) guidelines (25) shows that less than 10% of 
the patients had adequate intakes for both energy and 
protein. Meanwhile, there were 16.5% had adequate 
energy but inadequate protein intakes while 11.2% had 
adequate protein intake but inadequate energy intake, 
respectively. 
The correlation between MIS and selected variables 
are shown in Table II. There were moderate positive 
relationships between MIS with age (r = 0.485, p<0.01) 
and hemodialysis vintage (r = 0.457, p<0.01), denoting 
the higher possibility for hemodialysis patients who 
are older and had longer duration of dialysis to have 
more severe degrees of PEM and inflammation. Higher 
family income was associated with lower MIS, hence 
better nutritional status. Kt/V, an indicator for dialysis 
adequacy was negatively correlated with MIS (r = -0.240, 
p<0.05). As expected, IL6, a well-known surrogate 
inflammatory marker was found to have moderate 
positive correlation with MIS (r = 0.415, p<0.01). 
MIS was negatively correlated with LBM (r = -0.322, 
p<0.01) but positively associated with IDWG (r=0.272, 
p<0.05), triceps skinfolds (r=0.221, p<0.05) and waist 
circumference (r=0.162, p<0.05). There were significant 
negative correlations between MIS with creatinine (r = 
Table II: Correlation between selected variables and Malnutrition In-
flammation Score (MIS) (n= 455)
Variables r p-value
Age 0.485 0.008
Sex 0.174 0.122
Education level 0.120 0.138
Employment status 0.163 0.420
Family income -0.283 0.007
Hemodialysis 
vintage
0.457 0.006
Kt/V -0.240 0.035
Nutrition parameters Interleukin-6 0.415 0.005
IDWG 0.272 0.038
Triceps skinfolds 0.221 0.041
Waist circumference 0.162 0.038
LBM -0.332 0.005
Mid arm 
circumference
-0.260 0.007
Creatinine -0.241 0.035
DEI -0.337 0.040
DPI -0.255 0.036
Charlson’s 
Comorbidity Score
0.384 0.008
DEI: dietary energy intake; 
DPI: dietary protein intake; IDWG: interdialytic weight gain; Kt/V: Dialysis dose; LBM: lean 
body mass
-0.241, p<0.05), dietary energy (r = -0.337, p<0.01) and 
protein intakes (r = -0.255, p<0.05). MIS was moderately 
associated with Charlson’s comorbidity score (r = 0.384, 
p<0.01), denoting that the presence of more comorbid 
diseases were associated with poorer nutritional status. 
Sex, level of education and employment status had no 
significant correlations with MIS.  
Significant regression model predicting MIS was 
summarized in Table III. Higher MIS score (representing 
poorer nutritional status) was predicted by a combination 
of factors including higher comorbidity score, longer 
duration of dialysis, higher level of inflammation 
as indicated by higher IL6, lower dietary energy 
and protein intake, advanced age, lower LBM, less 
adequately dialyzed, higher IDWG and lower serum 
creatinine. Morbidity Score, duration of hemodialysis, 
interleukin 6 and Kt/V contributed 8.1%, 2.9%, 4.4% 
and 1.3% of variances in the malnutrition inflammation 
score (MIS), respectively. On the other hand, modifiable 
factors such as dietary energy intake, lean body mass, 
dietary protein intakes and IDWG contributed to a total 
of approximately 8% of variances in the MIS. Taken all 
together, these factors explained approximately 25% 
of the variance in the MIS and the model indicated the 
complexity of predicting MIS.  
Table III: Factors contributing to Malnutrition Inflammation Score 
(MIS) among hemodialysis patients (n= 455)
Variables Standard-
ized coeffi-
cients (β)
t p R R2 ∆ R2
Charlson’s 
Comorbidity 
Score
0.361 3.514 <0.001 0.285 0.081 0.081
Haemodialy-
sis vintage
0.238 3.300 0.001 0.332 0.110 0.029
Interleukin-6 0.234 3.275 0.008 0.392 0.154 0.044
Dietary 
energy intake
-0.190 3.131 0.006 0.431 0.186 0.032
Age 0.189 2.925 0.009 0.463 0.214 0.028
Lean body 
mass
-0.178 2.213 0.036 0.488 0.238 0.024
Kt/V -0.163 2.201 0.035 0.501 0.251 0.013
Dietary pro-
tein intake
-0.152 2.145 0.041 0.513 0.263 0.012
IDWG 0.142 2.071 0.042 0.520 0.270 0.007
Creatinine -0.115 1.989 0.042 0.526 0.277 0.007
Kt/V: dialysis dose; IDWG: interdialytic weight gain
DISCUSSION
Malnutrition is highly evident in this cohort. The preva-
lence of chronic inflammation is high in our hemodial-
ysis patients and is comparable with the reported prev-
alence of inflammation (31). More than one third of the 
patients had MIS score exceeded 8 predicting a poorer 
clinical outcome (mortality and hospitalization) (32). In-
sufficient intakes of energy and protein contributed to 
malnutrition among hemodialysis patients. These find-
ings were consistent with an earlier study (33). Although 
we ascertained that both adequate intakes of protein 
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ing of malnutrition among HD patients is seldom carried 
out in Malaysia beyond monitoring of serum albumin 
levels (7). The strong positive associations between MIS 
with Charlson’s comorbidity score and interleukin-6 in 
this study suggest the use of MIS as a relatively simple, 
cost-effective and valid screening tool for early identifi-
cation of poor nutritional status as well as determination 
of  clinical outcomes among hemodialysis population 
in Malaysia.
Our study revealed that the MIS has significant relation-
ship with inflammatory marker, which further support-
ed an earlier study that MIS can be used as a reliable 
marker for both inflammation and malnutrition (21). Al-
though it is unclear how inflammation and malnutrition 
are correlated with each other, the evidence is however 
convincing that inflammatory cytokines regulate appe-
tite and food intake (47). In view of the strong evidence 
of associations between inflammation and all-cause and 
cardiovascular mortality (48-50), there is an urgent need 
to further delineate determinants contributing to higher 
inflammatory status among patients undergoing for he-
modialysis treatment in the future study.
 
Our study design was cross-sectional in nature which 
could limit the cause-effect interpretation and general-
isation of finding. Selection bias is also possible where 
only patients who were generally healthier or more 
health conscious were more likely to participate in the 
study. The current study employed only two days dietary 
record, which could be further extend to three days to 
include the dietary record on weekend. Despite its lim-
itation, the present study has demonstrated that MIS as a 
relatively simple and valid screening tool for early iden-
tification of poor nutritional status among hemodialysis 
population in Malaysia. 
CONCLUSION
In conclusion, we confirmed that adequacy of dialysis 
and presence of inflammation are important factors 
determining MIS. It is however worth-noting that 
several factors which influence the nutritional status 
of hemodialysis patients are indeed modifiable. These 
include lean body mass, interdialytic weight gain, intakes 
of dietary energy and protein. Through appropriate 
dietary intervention and counseling, nutritional status 
of hemodialysis patients can be greatly improved and 
prevalence of malnutrition can be highly prevented. 
Health care professionals should recognize the 
potential impact of modifiable factors while developing 
and implementing individual care plans for patients 
undergoing hemodialysis treatment.
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and energy are needed to ensure satisfactory level of nu-
tritional status among hemodialysis patients, inadequate 
intakes of energy and protein were however highly prev-
alent among our patients. Similar findings were reported 
among hemodialysis patients in other populations (2, 
34) and such phenomenon is believed to impose a great 
challenge to the patients and health care teams.  
Interdialytic weight gain and LBM remained as the signif-
icant predictor variables while other body composition 
parameters (waist circumference or triceps skinfolds) 
were not significant in the stepwise multivariate anal-
ysis. In the present study, LBM is a promising factor in 
predicting nutritional status. As LBM indicates the pres-
ence and degree of muscle mass, the lower the LBM, 
the greater the loss of muscle mass and more profound 
malnutrition is therefore expected. Recently, lean mass, 
but not high BMI or fat mass, was reported to be associ-
ated with lower composite outcome of death or cardio-
vascular events (35), which has clinical importance to 
emphasize adequate attainment of lean mass among the 
dialysis population.
The non-compliance rate on fluid restriction in this 
study remained high and was relatively higher than pre-
vious studies (36), attributed to the high temperature in 
our country in the entire year. Fluid restriction is always 
necessary for hemodialysis patients to prevent long term 
cardiovascular complications and large ultrafiltration-re-
lated intradialytic hypotension. Despite this, several ear-
lier studies have reported positive correlations between 
higher IDWG with nutritional status (37-39) and better 
survival outcomes (37). Higher IDWG however does not 
predict better nutritional status in our study. As better 
compliance to fluid restriction was associated with bet-
ter nutritional status, the importance of fluid restriction 
should therefore be emphasized in the routine manage-
ment of hemodialysis patients. 
The relationship between the MIS and the dialysis ade-
quacy, as expressed by Kt/V, deserves further discussion. 
Our study echoed previous studies that the nutritional 
status of patient undergoing for hemodialysis is closely 
related to the dialysis dose delivered (40-43). Adequate 
dialysis has been associated with lower protein catab-
olism by alleviating uneasiness of the gastrointestinal 
tract, metabolic acidosis and insulin resistance (44). 
There is a growing body of evidence that adequate di-
alysis was associated with improved better nutritional 
status among dialysis patients (40-43). This finding sup-
ports the necessity of having adequate dialysis to ensure 
satisfactory levels of nutrition and inflammatory status 
among hemodialysis patients (42). On the other hand, 
despite many other measures such as C-reactive protein 
or interleukin-6 correlate well with clinical outcome 
(24), such blood tests are expensive and generally not 
measured routinely. Charlson’s comorbidity score has 
been validated in predicting clinical outcomes (7, 45) 
and costs (7, 46) in dialysis population. Routine screen-
Mal J Med Health Sci 15(SP1): 77-83, April 201982
Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)
Fundamental Research Grant Scheme (FRGS), Ministry 
of Education Malaysia and Research University Grant 
Scheme (RUGS) Universiti Putra Malaysia.
REFERENCES 
1. Kuhlmann MK, Kribben A, Wittwer M, Hörl WH. 
OPTA – malnutrition in chronic renal failure. 
Nephrol Dial Transplant. 2007;22:S13-S19.
2.  Bossola M, Muscaritoli M, Tazza L, Giungi S, 
Tortorelli A, Rossi Fanelli F, et al. Malnutrition in 
hemodialysis patients: what therapy. Am J Kidney 
Dis. 2005;46:371-386.
3.  Kalantar-Zadeh K, Kopple JD. Relative 
contributions of nutrition and inflammation to 
clinical outcome in dialysis patients. Am J Kidney 
Dis. 2001;38(6):1343-1350.
4.  Dwyer J, Larive B, Leung J, Rocco M, Burrowes 
JD, Chumlea WC, et al. Nutritional status affects 
quality of life in hemodialysis (HEMO) study 
patients at baseline. J Ren Nutr. 2002;12(4):213-
223.
5.  Pupim LB, Caglar K, Hakim RM, Shyr Y, Ikizler 
TA. Uremic malnutrition is a predictor of death 
independent of inflammatory status. Kidney Int. 
2004;66(5):2054-2060.
6.  Goh BL, Lim YN, Ong LM, Ghazali A & Lee DG. 
2015. Chapter 2: Dialysis in Malaysia. 22nd Report 
of the Malaysian Dialysis & Transplant Registry 
2014. National Renal Registry, Malaysia.
7.  Harvinder GS, Chee SS, Karupaiah T, Sahathevan 
S, Chinna K, Ahmad G, Bavanandan S, Goh 
BL. Dialysis Malnutrition and Malnutrition 
Inflammation Scores: screening tools for prediction 
of dialysis-related protein-energy wasting in 
Malaysia. Asia Pac J Clin Nutr. 2016;25(1):26-33. 
8.  Nor Baizura MY, Chan YM, Zalilah MS, Choo BH. 
Factors Associated with Quality of Life among 
Hemodialysis Patients in Malaysia. PLoS ONE. 
2013;8(12):e84152. https://doi.org/10.1371/
journal.pone.0084152.
9.  Sahathevan S, Se CH, Ng SH, Chinna K, Harvinder 
GS, Chee WSS, Goh BL, Gafor HA, Bavanandan S, 
Ahmad G & Karupaiah T (2015). Assessing protein 
energy wasting in a Malaysian haemodialysis 
population using self-reported appetite rating: A 
cross-sectional study. BMC Nephrology 16(1): 99. 
DOI 10.1186/s12882-015-0073-x
10. Chan YM, Zalilah MS, Hii SZ. Determinants of 
compliance behaviours among patients undergoing 
hemodialysis in Malaysia. PLoS One. 2002;7(8): 
e41362.
11.  Aday LA, Cornelius LJ. Designing how many will 
be in the sample: Designing and Conducting 
Health Surveys. A Comprehensive Guide. United 
States: Jossey-Bass; 2006.
12.  Beddhu S, Bruns FJ, Saul M, Seddon P, Zeidel 
ML. A simple comorbidity scale predicts clinical 
outcomes and costs in dialysis patients. Am J Med. 
2000;108(8):609-613.
13.  Wong MMY, McCullough KP, Bieber BA, Bommer 
J, Hecking M, Levin NW, et al. Interdialytic weight 
gain: trends, predictors, and associated outcomes 
in the International Dialysis Outcomes and 
Practice Patterns Study (DOPPS). Am J Kidney Dis. 
2017 Mar;69(3):367-379. Available from: https://
doi.org/10.1053/j.ajkd.2016.08.030
14.  Brozek J, Keys A. The evaluation of leanness-
fatness in man: norms and interrelationships. Br J 
Nutr. 1951;5(2):194-206.
15.  Harrison GG, Buskirk ER, Carter JEL, Johnston FE, 
Lohman TG, Pollock ML, et al. Skinfold Thicknesses 
and Measurement Technique: Anthropometric 
Standardization Reference Manual. In: Lohman 
TG, Roche AF, Martorell R, editors. Illinois: Human 
Kinetics Books; 1951. 
16.  Durnin JV, Womersley J. Body fat assessed from 
total body density and its estimation from skinfold 
thickness: measurements on 481 men and women 
aged from 16 to 72 years. Br J Nutr.1974;32:77-97.
17.  Eyre S, Attman P. Protein restriction and body 
composition in renal disease. J Ren Nutr. 
2008;18(2):167-186.
18. Mueller WH, Martorell R. Reliability and 
Accuracy of Measurements: Anthropometric 
Standardization Reference Manual. In: Lohman 
TG, Roche AF, Martorell R, editors. Anthropometric 
standardization reference manual. Illinois: Human 
Kinetics Books; 1951.
19. Ross WD, Marfell-Jones M. Kinanthropometry: 
Physiological testing of the high-performance 
athlete. In: MacDougall J, Wenger H, Green H, 
editors. Illinois: Human Kinetics Books; 1991.
20.  Tee ES, Ismail MN, Nasir MA, Khatijah I. Nutrient 
composition of Malaysia foods. Kuala Lumpur: 
Institute of Medical Research; 1997.
21.  Food Composition Guide Singapore. Singapore: 
Health Promotion Board Singapore; 2003.
22.  Singapore Food Facts. Singapore: Department of 
Nutrition, Ministry of Health Singapore; 1999.
23.  Yang Y, Wang G, Pan X. China Food Composition. 
Institute of Nutrition and Food Safety, Chinese 
Centre for Disease Control and Prevention. Beijing: 
Peking University Medical Press; 2002.
24. Puwastien P, Burlingame B, Raroengwichit, 
Sungpuag P. ASEAN Food Composition Tables. 
Thailand: Institute of Nutrition, Mahidol University 
Thailand; 2000.
25.  National Kidney Foundation. KDOQI clinical 
practice guidelines for nutrition in chronic renal 
failure. Am J Kidney Dis. 2000;35(Suppl 2):S1-
S141.
26.  Mafra D, Moraes C, Leal VO, Farage NE, Stockler-
Pinto MB, Fouque D. Underreporting of energy 
intake in maintenance hemodialysis patients: a 
cross-sectional study. J Ren Nutr. 2012;22(6):578–
583.
27.  Shapiro BB, Bross R, Morrison R, Kalantar-Zadeh 
Mal J Med Health Sci 15(SP1): 77-83, April 2019 83
K, Kopple JD. Self-reported, interview-assisted diet 
records underreport energy intake in maintenance 
hemodialysis patients. J Ren Nutr. 25(4):357-363.
28.  Wu B, Yin TT, Cao W, Gu ZD, Wang X, Yan M, 
et al. Validation of the Chinese version of the 
Subjective Global Assessment scale of nutritional 
status in a sample of patients with gastrointestinal 
cancer. Int J Nurs Stud. 2010;47(3):323-331.
29.  Kalantar-Zadeh K, Kopple JD, Block G, 
Humohreys MH. A malnutrition inflammation 
score is correlated with morbidity and mortality in 
maintenance hemodialysis patients. Am J Kid Dis. 
2001;38(6):1251-1263.
30.  Colman S, Bross R, Benner D, Chow J, Bragila A, 
Arzaghi J, et al. The Nutritional and Inflammatory 
Evaluation in Dialysis patients (NIED) study: 
overview of the NIED study and the role of 
dietitians. J Ren Nutr. 2005;15(2):231-243.
31.  Taheri S, Baradaran A, Aliakbarian M, Mortazavi 
M. Level of inflammatory factors in chronic 
hemodialysis patients with and without 
cardiovascular disease. J Res Med Sci. 2017;22:47.
32.  Kalantar-Zadeh K, Kopple JD, Humphreys MH, 
Block G. Comparing outcome predictability of 
markers of malnutrition-inflammation complex 
syndrome in haemodialysis patients. Nephrol Dial 
Transplant. 2004;19:1507-1519.
33. Ahuja TS, Mitch WE. The evidence against 
malnutrition as a prominent problem for chronic 
dialysis patients. Semin Dial. 2004;17(6):427-431.
34.  Vaz IMF, Freitas ATVdS, Peixoto MdRG, Ferraz SF, 
Campos MIVAM. Is energy intake underreported 
in hemodialysis patients? J Bras Nefrol. 
2015;37(3):359–366. 
35.  Lin TY, Peng CH, Hung SC, Tarng DC. Body 
composition is associated with clinical outcomes 
in patients with non-dialysis-dependent chronic 
kidney disease. Kidney Int. 2018;93(3):733-740.
36.  Denhaerynck K, Manhaeve D, Dobbels F, 
Garzoni D, Nolte C, De Geest S. Prevalence and 
consequences of nonadherence to hemodialysis 
regimens. Am J Crit Care. 2007;16:222-235. 
37.  Lopez-Gomez JM, Villaverde M, Jofre R, Rodriguez-
Benítez P, Pérez-García R. Interdialytic weight 
gain as a marker of blood pressure, nutrition and 
survival in hemodialysis patients. Kidney Int. 
2005;67:S63-S68. 
38.  Szczech LA, Reddan DN, Klassen PS, Coladonato 
J, Chua B, Lowrie EG, et al. Interactions between 
dialysis-related volume exposures, nutritional 
surrogates and mortality among ESRD patients. 
Nephrol Dial Transplant. 2003;18(8):1585-1591.
39.  Sezer S, Ozdemir FN, Arat Z, Perim O, Haberal 
M. The association of interdialytic weight gain 
with nutritional parameters and mortality risk in 
hemodialysis patients. Ren Fail. 2002;24:37-48.
40.  Chan JYW, Che KI, Lam KMC, Chow KM, Chung 
KY, Li PK, et al. Comprehensive malnutrition 
inflammation score as a marker of nutritional status 
in Chinese peritoneal dialysis patients. Nephrology. 
2007;12(2):130-134.
41.  Hemayati R, Lesanpezeshki M, Seifi S. Association 
of dialysis adequacy with nutritional and 
inflammatory status in patients with chronic 
kidney failure. Saudi J Kidney Dis Transpl. 
2015;26(6):1154-1160.
42.  Kaya T, Sipahi S, Cinemre H, Karacaer C, Varim C, 
Nalbant A, et al. Relationship between the target 
dose for hemodialysis adequacy and nutritional 
assessment. Ann Saudi Med 2016; 36(2):121-127.
43.  Teixeira NF, de Campos G, de Paula XSM, Merhi VA, 
Portero-McLellan KC, da Motta DG, et al. Dialysis 
adequacy and nutritional status of hemodialysis 
patients. Hemodialysis Int. 2008;12(1):45-51. 
44.  Ge YQ, Yuan M, Ding XQ, Wu ZL. A study of a 
comprehensive medical intervention including 
a dietary component in elderly patients on 
hemodialysis. Hong Kong J Nephrol. 2001;3(2):84-
88.
45.  Di Iorio B, Cillo N, Cirillo M, De Santo NG. 
Charlson comorbidity index is a predictor of 
outcomes in incident hemodialysis patients and 
correlated with phase angle and hospitalization. 
Int J Artif Organs. 2004;27(4): 330-336.
46. Charlson ME, Charlson RE, Peterson JC, 
Marinopoulos SS, Briggs WM, Hollenberg JP. The 
Charlson comorbidity index is adapted to predict 
costs of chronic disease in primary care patients. J 
Clin Epidemiol. 2008;61(12):1234-1240.
47.  Bossola M, Tazza L, Giungi S, Luciani G. Anorexia 
in hemodialysis patients: an update. Kidney Int. 
2006;70(3):417-422.
48.  Stenvinkel P, Barany P, Heimbürger O, Pecoits-
Filho R, Lindholm B. Mortality, malnutrition, 
and atherosclerosis in ESRD: what is the role of 
interleukin-6? Kidney Int. 2002;80: S103-S108. 
49.  Zimmermann J, Herrlinger S, Pruy A, Metzger T, 
Wanner C. Inflammation enhances cardiovascular 
risk and mortality in hemodialysis patients. Kidney 
Int. 1999;55(2):648-658.
50.  Rao M, Guo D, Parianayagam MC, Tighiouart H, 
Jaber BL, Balakrishnan VS. Plasma interleukin-6 
predicts cardiovascular mortality in hemodialysis 
patients. Am J Kidney Dis. 2005;45(2):324-333.
